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Incorporating environmental costs into economic injury levels
Abstract
In many situations, pesticides are the only available or viable choice for pest control. In some instances,
however, alternative practices can eliminate or reduce the need for pesticides that are potentially hazardous to
humans and the environment. Although restrictions on certain pesticides afford some measure of safety,
governmental regulations alone cannot sufficiently minimize these hazards in cases where pesticides appear to
be necessary.
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Background and goals 
In many situations, pesticides are the only 
available or viable choice for pest control. In 
some instances, however, alternative practices 
can eliminate or reduce the need for pesticides 
that are potentially hazardous to humans and 
the environment. Although restrictions on 
certain pesticides afford some measure of 
safety, governmental regulations alone cannot 
sufficiently minimize these hazards in cases 
where pesticides appear to be necessary. 
Integrated pest management (IPM) programs 
offer proven techniques for reducing pesticide 
use. Key to these programs are economic 
injury levels (EILs), which can help determine 
when pest management is economically justi­
fied. An EIL is defined as the pest infestation 
level at which the cost of control equals the 
benefits of controlling the pest. 
Unfortunately, until now the objective criteria 
for establishing EILs have not explicitly ad­
dressed environmental concerns. Nor do EILs 
help in choosing the least environmentally 
hazardous pesticide when chemical control is 
considered necessary. 
Farmers and others making these choices need 
a method of evaluating the environmental risks 
as part of their own pest management deci-
sion-making criteria. The goals of the project 
described here were to 
•	 expand the EIL concept to incorporate 
environmental risk considerations, 
•	 rank their relative importance (on the ba­
sis of growers' responses to a survey), and 
•	 estimate the monetary value of avoiding 
these risks. 
This last facet of the expanded EIL criteria is 
critical for weighing differences between risks 
and for integrating economic and environmental 
data. Although any estimate of environmental 
costs is subjective, the procedures for making 
the estimates have been formalized. 
Approach and methods 
The model considers risks specific pesticides 
pose to various environmental categories. 
These categories include various aspects of 
water quality, effects on non-target organ­
isms, and human health. The model then 
assigns a monetary value to those risks. It is 
key to the model's function that risks are 
determined by objective criteria. It is also 
important that the relative importance of risks 
to the different environmental categories—as 
well as their monetary value—is estimated 
through a survey structured on the basis of an 
"if-then" determination process called contin­
gent valuation. 
This procedure for determining injury levels 
consists of the following steps: 
1.	 establishing levels of risk (high, low, 
none) for individual pesticides in specific 
environmental categories; 
2.	 using a contingent valuation survey to 
determine 
(a) the relative importance of each envi­
ronmental category (an individual cat­
egory divided by the total importance for 
all categories) and 
(b) risk costs (the monetary value of avoid­
ing the various levels of environmental 
risk); 
3.	 calculating the environmental cost of a 
pesticide in each environmental category 
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(its relative importance multiplied by the 
risk cost appropriate to the risk level the 
pesticide poses. For example, if the cat­
egory "groundwater" has a relative impor­
tance of 0.125 and a high risk cost of $ 12 
per acre, a pesticide posing a high risk to 
groundwater would have an environmen­
tal cost of $ 1.50 (0.125 x $ 12) for a single 
application per acre.); 
4.	 adding the environmental costs for each 
category to determine the total environ­
mental cost for a given pesticide; and 
5.	 incorporating the environmental costs 
into the conventional EIL calculation by 
means of a formula. 
The investigators tested this model's useful­
ness by determining environmentally based 
costs as well as environmentally based EILs 
for insecticides used in north-central United 
States field crop production. This testing 
system was ideal because (1) pest manage­
ment systems, including EILs, are well devel­
oped for field crop insects, (2) scientists know 
a great deal about environmental risks of field 
crop insecticides, and (3) the considerable 
amounts of insecticides used on field crops in 
this geographic region signal a clear need for 
procedures to reduce environmental risks. 
For insecticides, the investigators identified 
three broad environmental areas—water qual­
ity, nontarget organisms, and human health— 
which were subdivided into eight specific en­
vironmental categories: surface water, ground­
water, aquatic environments, birds, mammals, 
beneficial insects, acute effects on humans, 
and chronic effects on humans. Although 
risks and the monetary value of avoiding them 
are intrinsically subjective values, the contin­
gent valuation survey provided a mechanism 
for developing formalized estimates. 
A key question in estimating the relative im­
portance of environmental categories and risk 
costs is, "Who should make the estimate?" 
The investigators decided to survey those who 
actually pay the costs—field crop producers. 
Respondents were asked for background in­
formation about their experience, income, edu­
cation, and their farms. They also answered 
questions about the relative importance of 
avoiding risk in a number of environmental 
categories and the extent to which they would 
be willing to spend or to accept yield losses to 
avoid high, moderate, and low levels of risk 
from a pesticide for a single application on a 
per-acre basis. In keeping with the environ­
mentally integrated EIL's structure, respon­
dents reported the monetary value of avoiding, 
not accepting, a level of risk. 
Although contingent valuation has been criti­
cized because hypothetical questions may pro­
duce misleading answers, it remains an impor­
tant technique for estimating costs of environ­
mental contamination or risk because few al­
ternative approaches exist. Because this study 
uses information from the survey to calculate 
costs that will be included in pest management 
evaluation tools (EILs), the environmental cost 
estimates are not completely hypothetical. 
Findings 
Of 8,000 survey forms distributed to field crop 
producers, 1,741 responses were analyzed. 
Table 1 shows the mean importance of the 
eight environmental categories. Results indi­
cated that practically all producers (98%) rec­
ognize the importance of environmental risks 
posed by pesticides, but many do not accept 
the premise that they should help pay to avoid 
these risks. 
Table 1. Survey results for mean importance of 
environmental categories and their relative impor­
tance (category mean importance was divided by 
total for all categories; standard deviation in paren­
theses). 
Environmental Mean Relative 
Categories Importance Importance 
Surface water 8.78(1.69) 0.1267 
Groundwater 9.26(1.43) 0.1336 
Aquatic organisms 8.19(2.04) 0.1182 
Birds 8.07 (2.09) 0.1162 
Mammals 7.83 (2.24) 0.1130 
Beneficial insects 8.29(1.94) 0.1196 
Human - acute 
toxicity 9.44(1.37) 0.1362 
Human - chronic 
toxicity 9.45(1.36) 0.1363 
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Establishing environmental risk costs from 
the survey data required careful interpretation 
to avoid introducing bias into the estimates. 
Table 2 shows what respondents indicated 
they would be willing to pay to avoid various 
levels of risk (for one pesticide application on 
a per-acre basis). 
Table 2. The mean monetary amount that survey respondents were willing to 
spend or accept in yield loss (per acre) to avoid various levels of environmental 
risk for one insecticide application (all responses or excluding answers where 
the response to high risk is zero or greater than $45; standard deviation in 
parentheses). 
Level Excluding respondents answerinc 
of Risk All Respon. 0 Over$45 0 or over $45 
The investigators then selected 32 common 
field crop insecticides and determined the level 
of risk that each posed to the individual envi­
ronmental categories. They calculated an en­
vironmental cost for each insecticide and each 
category by multiplying the relative impor­
tance of the category by the appropriate risk 
cost. 
Using a conservative approach in which toxic­
ity values were based on active ingredient, not 
formulated product, the investigators devel­
oped a matrix of these environmental catego­
ries. The levels of risk associated with each 
can be substantially modified as needed, either 
directly or by modifying the risk criteria. 
Unfortunately, little if any information is avail­
able for characterizing the risk most pesticides 
pose to beneficial insects; this presents a strik­
ing problem. Similarly, most information on 
risks to water quality is based on chemical 
properties of the pesticide rather than on direct 
experimental evidence. When risk matrices 
are developed on the basis of the formulated 
pesticide product, information on risks to non­
target organisms often is unavailable. How­
ever, such risks can be extrapolated on the 
basis of information about the relative toxicity 
of the active ingredient. 
Implications 
This model addresses a long-standing need for 
pest management programs to focus directly 
on environmental safety. As a pesticide deci-
sion-making tool that integrates environmen­
tal risks and economic constraints, it repre-
High 12.91 (16.44) 14.89(16.80) 10.82(8.69) 12.54(8.13) 
Moderate 8.83(10.89) 10.13(11.11) 7.60 (6.32) 8.76 (6.00) 
Low 5.69 (8.60) 6.49 (8.92) 5.06 (5.79) 5.79 (5.83) 
n 1334 1157 1291 1114 
sents one of the first mechanisms for indi­
vidual pesticide users to choose the least envi­
ronmentally hazardous pesticide. 
Example environmental EILs from the project 
indicate that producers using them would tol­
erate up to 70% more pests before using pesti­
cides. Thus it appears that environmental 
EILs will both reduce pesticide use and mini­
mize environmental threats when pesticides 
are used. Both outcomes would greatly 
strengthen IPM programs and protect environ­
mental quality. Subsequent support of this 
project by other agencies has allowed these 
researchers to implement this management 
tool by working directly with farmers. 
As project goals are accomplished, informa­
tion from this project will assist in developing 
sustainable pest management programs that 
consider both environmental and economic 
criteria. And, if some pest management pro-
grams—such as pesticide use by prescription 
only—are legislated, formal guidelines such 
as environmental EILs will be essential. 
Different commodities require different pesti­
cides and involve different costs, however. For more information 
contact W. K. Thus, survey responses would likely differ by Wintersteen, Entomol­
geographic location. This means more work ogy, Iowa State 
will be needed before this approach can be University, Ames, Iowa, 
applied nationally. 50011, (515)294-1101. 
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